a isshiki@kit.ac.jp, b masaki.hasegawa.ux@hitachi.com keywords: SiC, dislocation, mirror projection electron microscopy, non destructive inspection Abstract. A mirror electron microscopy (MPJ) was developed for defect inspection in silicon carbide (SiC) wafer as non destructive, high spatial resolution and high throughput method. Each of three type dislocations, threading screw dislocation (TSD), threading edge dislocation (TED) and basal plane dislocations (BPD) in 4H-SiC wafer were identified in MPJ image as a dark dot with different type of tailing. This new method provides high performance inspection of defects in SiC possible without specimen pre-treatment.
Introduction
Silicon carbide is expected as a new material for high-performance power electronic devices. However, it is required to reduce defects such as dislocations and stacking faults in the SiC substrate to make SiC devices practicables, since these defects adversely affect the device performance. As is well known there are three types of dislocation in the SiC substrate, i.e., TSD with a Burgers vector of <0001>, TED with a Burgers vector of 1/3<11-20>, and BPD with a Burgers vector of 1/3<11-20> [1, 2] . TSD and BPD in a epitaxial layer lead deterioration of long time reliability of the gate oxide in SiC MOSFETs [3] . TSD also degrades the blocking capability of SiC pn diodes [4, 5] . BPD in the drift layer also causes an increase in the on-state voltage, V F , during forward bias operation [6, 7] . There are some methods to inspect distribution of the dislocations in the SiC substrate. An etching method by a molten alkali salt is often used conveniently for rapid and wide area inspection, but this method is a destructive inspection and spatial resolution is poor. Mapping of Photoluminescence (PL) or X-ray topography can be performed non-destructive inspection of the dislocations, but they also give only low spatial resolution and are impossible to disclose detail of dislocations. Recently we try to apply mirror projection electron microscopy (MPJ) [8] to non-destructive, high-resolution and high-throughput inspection of various semi-conducting materials. In the present paper, we describe a new inspection method by MPJ for the SiC wafer.
Mirror projection electron microscopy
Figs. 1(a) and (b) show a schematic illustration of an electron optical system of a proof-ofconcept of MPJ apparatus and its appearance developed in Hitachi's laboratory, respectively. Electrons are directed through condenser lens, deflector-separator and objective lens normally onto a sample as a parallel electron bundle with a diameter of ~100µm. The sample bias is adjusted to nearly equal to the accelerate voltage (3kV) so that the irradiated electrons are reflected in the opposite direction before reaching the sample surface. The objective lens forms an image of the reflected electrons on the center of the separator, and magnified image with projection lenses is captured by a fluorescent plate and a CCD camera. The contrast in a MPJ image describes the topographical unevenness of an equipotential surface on which the incoming electrons are reflected. The equipotential surfaces are distorted by surface morphology and localized charge (Figs 2(a) and (b)). The distortion deflects electron beam trajectories and makes intensity distribution depending on distance from specimen. The advantages of MPJ in terms of its application to defect inspection are, at first, MPJ can acquire images for inspection without damaging of a sample because the electrons do not impinge the surface. Second, because MPJ captured two-dimensional image directly, MPJ can achieve higher inspection speed than a conventional SEM. Third, MPJ can detect a defect due to electrical imperfection in a semiconductor wafer. Fig. 3 shows a MPJ image of the SiC surface with off-angle at 8° of commercially available 4H-SiC wafer. The image as wide as at ~80µm in diameter was taken at 100msec in capture time. Fig. 4 shows enlarged image of the area enclosed by rectangle in Fig. 3 . Many dark dots were observed in the enlarged image. Since the closest distance between dots distinguishable as two is less than 200nm, spatial resolution of MPJ is at ~100nm, which is higher than those of PL and Xray topography. The dots in the image can be classified into three types. One is a dot with upward streak, and the others are a dot with downward streak and a dimly dot without streak. Typical dots of these three types are indicated by arrows a -c in Fig. 4 and are re-presented in Figs. 5(a) -(c) with high-magnification. These dots are considered to indicate the points where dislocations appear on the surface. To disclose the correspondence between the dots type and defect types, etching method with molten KOH was applied to the same wafer. In this case, the micro-pits method [9] was employed to ensure spatial resolution proper for that of MPJ method. The observation was carried out by using low landing voltage SEM (SU-8020: Hitachi High-Tech.). Fig. 6(a) shows a SEM image of the same area where the MPJ image in Fig. 4 was taken. Etch pits were formed at almost all position being dark dots in the MPJ image. 
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The corresponding etch pits to the dark dots a -c in the MPJ image are indicated by a' -c' in the SEM image. The relatively small pits b' and c' are enlarged in Figs. 6(b) and (c), respectively. It is clearly shown that three types of the dots in the MPJ image are corresponding to three different dislocation types, i.e., deciding from etch pit shape, they are TSD (represented by dot a), TED (dot b) and BPD (dot c). We also carried out exact g-b analysis of dislocation type (propagation direction and Burgers vector) for each shape of etch pit by focused ion beam (FIB) pretreatmentscanning transmission electron microscopy (STEM). The result from FIB-STEM analysis agreed with that from MPJ and SEM [10] . 
Summary
Three types of dislocations, TSD, TED and BPD in 4H-SiC wafer were clearly identified by MPJ method. This new method can be applied to non-destructive, high-resolution and high-throughput inspection of defect in SiC wafer.
